INTRODUCTION
Anxiety is a set of behavioral manifestations that is divided into two subgroups: state anxiety and trait anxiety. State anxiety is a transitory emotional condition that varies in intensity according to the environmental conditions. State anxiety reflects an individual's present anxiety and fluctuates over time, depending on the intensity of pressure. Trait anxiety, however, is a personality trait that reflects an individual's general baseline anxiety and remains relatively stable. 1 Dental anxiety is a widespread problem that results in a significant barrier to the receipt of dental care. 2 Dental anxiety was first studied by Shoben and Borland 3 who explained that this avoidance behavior results from unfavorable attitudes toward dentists on the part of family members and a history of painful dental experiences. When dental anxiety is a result of the unfavorable attitudes of family members, it is the result of indirect or direct conditioning experiences. When due to a history of painful dental experiences, it is a component of a constitutional vulnerability to anxiety disorders that manifests as general anxiety states, mood disorders, and multiple severe fears. 4 Dental anxiety not only leads to avoidance of dental care, but it may also affect individuals generally by causing sleep disturbance, negative thoughts, and feelings of low self-esteem and confidence. 5 Several authors have attributed dental anxiety to the expectation of pain. 6, 7 However, despite advances in dental equipment and treatment procedures that control pain, studies have revealed that these innovations did not decrease the fear of pain that is associated with dentistry. Moreover, the incidence of dental anxiety is reported to have increased from 4% 7 to 23% 8 of the general population over the past 33 years. Dental anxiety and fear appears to vary according to type of treatment. Periodontal or endodontic treatments have been shown to cause higher levels of anxiety than restorative or prophylactic treatments. 9, 10 Results of studies examining dental anxiety level and gender are conflicting. Bergdahl and Bergdahl, 11 and Hakeberg et al. 12 reported higher levels of dental anxiety among females, but Sari et al. 13 did not find any such difference between genders.
In the orthodontic literature, there have been a few studies that have evaluated the anxiety levels of patients undergoing orthodontic treatment. Crowley et al. 14 reported that orthodontic treatment induced fear and anxiety. Maj et al. 15 stated that 77% of children had difficulty psychologically adjusting to orthodontic appliances. Lewis and Brown 16 found that 25% of patients were anxious about wearing orthodontic appliances. Breistein and Burden 17 stated that orthodontic treatment was perceived as one of the least painful dental treatments. Wright et al. 18 reported that although supplemental written information resulted in improved motivation for orthodontic treatment, it had no significant effect on anxiety and apprehension. Sari et al. 13 found that patients awaiting orthodontic treatment had high state anxiety levels while those who had been undergoing treatment for 1 year had normal state anxiety levels. However, the trait anxiety levels of the parents of both groups of patients was high.
In the present study, we investigated the short-term alteration of three psychological outcome measures (state anxiety, trait anxiety, and dental anxiety) experienced by patients and one of their parents before and after 3 months of orthodontic treatment. Our goal was to determine whether patient and parent anxiety levels decreased after patients and their parents became familiar with their orthodontist, and became accustomed to orthodontic treatment procedures. We also evaluated possible correlations between outcome measures and compared outcome measures based on gender.
MATERIALS AND METHODS
This questionnaire-based longitudinal study consisted of 120 patients (61 females and 59 males, mean age 15.32 ± 1.19 years) with mild class I malocclusion and one parent of each patient (61 females and 59 males, mean age 40.07 ± 3.97 years). A power analysis established by G*Power software (v3.1.3; Franz Faul, Universität Kiel, Germany) was used to determine sample size. A sample size of 120 patients was calculated to provide more than 90% power to detect significant differences with an effect size of 0.30 between the two groups at a 0.05 significance level. All of the patients were treated by the same clinician using a non-extraction fixed orthodontic treatment approach. All participants signed a consent form and it was emphasized that responses were confidential and would not affect treatment in any way.
Patient and parent anxiety levels were determined using questionnaires that were completed individually. The first set of questionnaires was given at the beginning of the initial appointment (T1). After they were completed separately by the patients and their parents, the clinician discussed the nature and extent of the malocclusion with the patients and explained the necessary treatment approach that had been planned. The second set of questionnaires were distributed at the end of the third month of active orthodontic treatment (T2). The two sets of questionnaires were identical and were comprised of two different test versions of the State-Trait Anxiety Inventory (STAI) and Corah's Dental Anxiety Scale (DAS). To eliminate any order effects, half of the participants completed the STAI test before the DAS test, and the other half completed them in the opposite order. 
Questionnaire design
The questionnaires consisted of two instruments that assessed patient and parent psychological status. In addition, participants were asked to provide demographic information, including age, gender, and occupation, by completing a form provided with the two questionnaires. The following scales were used: STAI: The STAI was developed by Spielberger et al. 19 The STAI is a self-report instrument that comprises separate self-report scales measuring two distinct anxiety concepts. These scales measure state anxiety (how one feels at a particular moment; e.g., dental visit) and trait anxiety (how one usually feels). The state anxiety score (STAI-S) is based on 20 items for which respondents rate anxiety on a scale from one (not at all) to four (very much so). The trait anxiety score (STAI-T) is based on 20 questions designed to measure anxiety on a scale from one (almost never) to four (almost always). The STAI has been validated for many situations and populations. 20 We used a Turkish version of the STAI. 21 In this version of the STAI, there are 10 state anxiety-absent items, 10 state anxiety-present items, 7 trait anxiety-absent items, and 13 trait anxiety-present items. The arrangement of anxietypresent and anxiety-absent items is identical to that of the original version. STAI scores range between 20 and 80 for each subscale.
DAS: Dental anxiety was measured using DAS. 22 It is a brief self-completed questionnaire consisting of four questions asking how respondents would feel "if they had to go to the dentist tomorrow, " "waiting at the dentist office," "waiting while he gets the drill ready," and "in the dentist's chair to have teeth cleaned". Respondents rate each item on a five-point scale that ranges from not anxious to extremely anxious, in ascending order. Each question carries a possible maximum score of five, and the total scores range between 4 and 20. We used a Turkish version of this scale. 23 
Statistical methods
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS for Windows, version 15.0, SPSS Inc., Chicago, IL, USA). We applied the Kolmogorov-Smirnov normality test (with Liliefors significance correction) and Levene's variance homogeneity test to the data. The data were found to be normally distributed and there was homogeneity of variance among the groups. The mean anxiety levels and standard deviations (SD) were calculated for T1 and T2. We used paired-sample t-tests to compare T1 and T2 scores. We used independent-sample t-tests to compare the scores of male and female participants. A bivariate two-tailed Pearson correlation test was conducted in order to analyze the relationship between DAS scores and STAI scores. Internal consistencies for the DAS and two scales of the STAI were evaluated using Cronbach's alpha coefficient. Significance was set at p < 0.05.
RESULTS
We evaluated the reliability of the scales used in this study. Reliability of the DAS resulted in a 0.87 alpha value. The STAI-S had a 0.84 alpha value and the STAI-T had a 0.85 alpha value.
Mean patient and parent anxiety values and SD for T1 and T2 are presented in Table 1 . Among patients, the mean DAS score (± SD) decreased significantly from 8.66 (± 2.10) at T1 to 7.08 (± 2.52) at T2 (p < 0.001). Similarly, the mean STAI-S level significantly decreased from 33.18 (± 4.43) at T1 to 28.60 (± 4.76) at T2 (p < 0.001). The mean STAI-T value for these participants also decreased from 37.52 (± 7.24) at T1 to 36.98 (± 7.43) at T2, but this decrease was not statistically significant (p > 0.05).
Among parents, the mean DAS and STAI-T values (± SD) decreased from 9.52 (± 3.43) at T1 to 9.38 (± 3.36) at T2 and from 43.03 (± 6.15) at T1 to 42.13 (± 6.55) at T2, respectively. The mean STAI-S value, in contrast, increased from 34.91 (± 6.82) at T1 to 35.13 (± 7.67) at T2. However, none of these differences were statistically significant (p > 0.05; Table 1 ). There was no significant relationship between anxiety and gender (p > 0.05).
The Pearson correlation coefficients between DAS, STAI-S, and STAI-T scores at T1 are reported in Table 2 . Patient DAS scores were significantly correlated to patient STAI-S scores (r = 0.249, p < 0.01) and patient STAI-T scores (r = 0.366, p < 0.01). There was also a significant correlation between patient STAI-T scores and STAI-S scores (r = 0.476, p < 0.01). Similarly, parent DAS scores were significantly correlated to parent STAI-S scores (r = 0.340, p < 0.01) and STAI-T scores (r = 0.303, p < 0.01).
There was also a significant correlation between parent STAI-T scores and STAI-S scores (r = 0.405, p < 0.01). Moreover, patient DAS scores were significantly correlated with parent DAS (r = 0.261, p < 0.01) and STAI-S scores (r = 0.212, p < 0.05). The correlations between DAS, STAI-S, and STAI-T scores at T2 are reported in Table 3 . Patient STAI-T scores were significantly correlated to patient DAS scores (r = 0.595, p < 0.01) and patient STAI-S scores (r = 0.687, p < 0.01). Additionally, patient DAS scores were significantly correlated to parent DAS scores (r = 0.319, p < 0.01), STAI-S scores (r = 0.199, p < 0.05), and STAI-T scores (r = 0.290, p < 0.01). Parent DAS scores were significantly correlated to parent STAI-S scores (r = 0.375, p < 0.01) and STAI-T scores (r = 0.204, p < 0.05). There was also a significant correlation between parent STAI-T scores and STAI-S scores (r = 0.404, p < 0.01).
DISCUSSION
We hypothesized that the anxiety levels of adolescents receiving orthodontic treatment would change after they became accustomed to orthodontic appliances and that this anxiety level would be affected by their parents' attitude. We evaluated the state anxiety, trait anxiety, and dental anxiety levels before orthodontic treatment and after 3 months of orthodontic treatment. We also explored the multidimensionality of patient anxiety through its relationship to parent anxiety.
Spielberger et al. 19 reported that subjects younger than 14 years of age may not have a balanced psychological cha racter and this should be the minimum age limit for psychology studies. We therefore excluded those patients under 14 years of age from our study. We selected patients for inclusion in the study who had mild class I malocclusion and who needed fixed orthodontic treatment without extraction in order to standardize the study group. Orthodontic treatments were carried out by the same clinician in order to eliminate the positive and negative effects of different doctor-patient relationships on patient psychology.
Assessment tools such as the DAS 22 and STAI 19 are commonly used for screening dentally anxious patients. 13, 20 These measures have been shown to have high validity and reliability. In our study, DAS and STAI were used to evaluate the anxiety levels of the patients and their parents. We included parents in this study because, according to Spielberger et al., 19 anxiety is a contagious emotion; the voice, glances, and psychological state of anxious parents can affect a child's emotional condition. Dental anxiety studies have shown that anxious patients who have completed behavioral-cognitive therapy were less likely to cancel appointments, more likely to complete more fear-provoking treatments, and more able to maintain regular dental care. 18 Other researchers have examined depression or moodiness in association with anxiety in studies of patient avoidance and compliance patterns. 19, 20 Irregular dental attendance may play a major role in increasing levels of dental anxiety. 21 Dental anxiety is also related to personality and psychological status. 21, 22 This might form the basis for explaining the presence of higher levels of anxiety at the beginning of active orthodontic treatment in this study. At the end of the third month of orthodontic treatment, patient dental anxiety and state anxiety levels were lower than they were before the first orthodontic appointment because they were familiar with their orthodontist and had become accustomed to the fixed orthodontic appliances. However, the change in patient trait anxiety score was insignificant. Trait anxiety reflects the general anxiety of patients and describes their long-term anxiety. Three months of orthodontic treatment was therefore unlikely to affect its level. None of the scores changed for the parents in our study over the three-month study period. These findings agree with those of Sari et al. 13 During treatment sessions, only patients were taken into the clinic. The pa rents stayed in the waiting room during the sessions. The clinician described the treatment approach to the patients, and provided them with dental health education and motivation at each visit. In our opinion, the observed decrease in the anxiety of the patients resulted from this motivation. Sergl et al. 24 reported that information about necessary treatment may allow patients to feel greater emotional control and to perceive less discomfort during orthodontic treatment. Because the parents were not com monly present during the description of treatment, the unchanged anxiety levels of the parents in this study was probably due to the lack of information they received about the orthodontic treatment. If sufficient information and motivation were given to the parents, and the treatment procedure was clarified during appointments, the anxiety levels of the parents might decrease.
Although many authors have reported that dental anxiety is more common in women than in men, 6, 25 we found no relationship between gender and dental or statetrait anxiety levels in the present study. Locker et al. 8 and Sari et al. 13 similarly found no association between gender and dental anxiety. The type of treatment, however, affects the level of anxiety and fear. Restorative or prophylactic treatments are reported to cause lower levels of anxiety than periodontal or endodontic treatments. 9, 10 Participants of both genders in our study perceived orthodontic treatment as a less painful treatment appro ach than other forms of dental treatment.
The results of our study revealed that a significant rela tionship between dental anxiety and state-trait anxiety exist. Patient trait anxiety prior to treatment was correlated with patient dental anxiety and patient state anxiety. Additionally, parent dental anxiety was also correlated with parent state anxiety and parent trait anxiety. These findings are consistent with the results of Fuentes et al., 26 who reported an association between DAS and STAI-T. We also found a significant correlation between patient dental anxiety and parent dental and state anxiety. This correlation remained after 3 months of orthodontic treatment. This finding is supported by Spielberger and colleague's 19 definition of anxiety as a contagious emotion. Gordis et al. 27 also reported that the anxiety traits in children and adolescents are related to familial attitude. Similarly, Kashani et al. 28 showed that perceived family characteristics may have an effect on a child's anxiety. We used self-report measures of anxiety levels in our study. Although Spielberger et al. 19 reported the limitations of self-report methodologies, this type of measure has been routinely used in medical settings. Heaton et al. 29 found a significant relationship between self-reported and observed measures of dental anxiety. Formal dental fear assessments are rarely used in clinical practice. 30 Practitioners may believe that asking questions about anxiety could increase patients' fear of dental care. However, Corah 31 reported that patient satisfaction improved when dentists inquired about their anxiety and argued that if a patient was not anxious, asking about anxiety would not produce it. Corah further stated that asking about anxiety may provide patients an opportunity to express any concerns. Good dental health education, regular dental visits, good patient-dentist relationships, and suitable communication with patients may all contribute to the control of dental anxiety. CONCLUSION 1. Patient dental anxiety and state anxiety levels decrease after patients become familiar with their orthodontist and become accustomed to orthodontic treatment. 2. Patient trait anxiety affects the patient state anxiety and dental anxiety. Additionally, patient dental anxiety is correlated with parent dental anxiety and state anxiety. 3. Gender affects neither the anxiety levels of the patients undergoing orthodontic treatment nor the anxiety levels of their parents.
